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WMO/UNEP	
  
Long	
  Lived	
  CBry	
  Only	
  	
  

Theys:	
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  ppt	
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  ppt	
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Choi	
  	
  et	
  al.,ACP,	
  2014	
  
Liao	
  et	
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WMO/UNEP	
  
Long	
  Lived	
  CBry	
  Only	
  	
  

UMd	
  
SGI	
  =	
  2.3	
  ppt	
  
PGI	
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  7	
  ppt	
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  Trop	
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Measurements:	
  AWAS	
  
Model:	
  Fernandez	
  et	
  al.,	
  ACP,	
  2014	
  	
  	
  Note:	
  paper	
  did	
  not	
  include	
  CONTRAST	
  data	
  
	
  	
  	
  Geographically	
  &	
  seasonally	
  distributed	
  oceanic	
  sources	
  of	
  VSLS	
  as	
  described	
  in	
  Ordonez	
  et	
  al.	
  (2012)	
  

VSLS:	
  Very	
  Short	
  Lived	
  Substance	
  

Upper	
  TTL	
  

Lower	
  TTL	
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Closer	
  look	
  at	
  minor	
  VSLS	
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Measurements:	
  AWAS	
  
Model:	
  Fernandez	
  et	
  al.,	
  ACP,	
  2014	
  	
  	
  Note:	
  paper	
  did	
  not	
  include	
  CONTRAST	
  data	
  
	
  	
  	
  Geographically	
  &	
  seasonally	
  distributed	
  oceanic	
  sources	
  of	
  VSLS	
  as	
  described	
  in	
  Ordonez	
  et	
  al.	
  (2012)	
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Source	
  Gas	
  InjecIon	
  (SGI)	
  of	
  Bry	
  due	
  to	
  VSLS,	
  aka	
  BryVSLS	
  SGI	
  ≈	
  3.37	
  ±	
  0.68	
  ppt	
  

Upper	
  TTL	
  

Lower	
  TTL	
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  ACP,	
  2014	
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  &	
  seasonally	
  distributed	
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  sources	
  of	
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  described	
  in	
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  (2012)	
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Lower	
  TTL	
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Source	
  Gas	
  InjecIon	
  (SGI)	
  of	
  Bry	
  due	
  to	
  VSLS,	
  aka	
  BryVSLS	
  SGI	
  ≈	
  3.37	
  ±	
  0.68	
  ppt	
  
Product	
  Gas	
  InjecIon	
  (PGI)	
  depends	
  on	
  CBry	
  near	
  surface,	
  loRing	
  of	
  bromine	
  
by	
  saline	
  aerosols,	
  and	
  het	
  chem	
  processes	
  in	
  TTL	
  

Measurements:	
  AWAS	
  
Model:	
  Fernandez	
  et	
  al.,	
  ACP,	
  2014	
  	
  	
  Note:	
  paper	
  did	
  not	
  include	
  CONTRAST	
  data	
  
	
  	
  	
  Geographically	
  &	
  seasonally	
  distributed	
  oceanic	
  sources	
  of	
  VSLS	
  as	
  described	
  in	
  Ordonez	
  et	
  al.	
  (2012)	
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Upper	
  TTL	
  

Lower	
  TTL	
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Measurements	
  of	
  BrO	
  in	
  TTL	
  were	
  designed	
  to	
  constrain	
  PGI	
  

Measurements:	
  AWAS	
  
Model:	
  Fernandez	
  et	
  al.,	
  ACP,	
  2014	
  	
  	
  Note:	
  paper	
  did	
  not	
  include	
  CONTRAST	
  data	
  
	
  	
  	
  Geographically	
  &	
  seasonally	
  distributed	
  oceanic	
  sources	
  of	
  VSLS	
  as	
  described	
  in	
  Ordonez	
  et	
  al.	
  (2012)	
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Measurements	
  of	
  BrO	
  in	
  TTL	
  were	
  designed	
  to	
  constrain	
  PGI	
  
But	
  theory	
  indicates	
  most	
  of	
  the	
  product	
  gas,	
  if	
  present	
  in	
  the	
  gas	
  
	
  	
  	
  	
  phase,	
  will	
  be	
  in	
  the	
  form	
  of	
  atomic-­‐Br	
  

Fernandez	
  et	
  al.,	
  ACP,	
  	
  2014	
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Backup	
  Slides	
  To	
  Follow	
  
GV	
  Flight	
   DescripIon	
   AWAS	
   TOGA	
   DOAS	
   CIMS	
  

RF01	
   Colo	
  to	
  HI	
   !	
   !	
  

RF02	
   HI	
  to	
  Guam	
   !	
   !	
  

RF03	
   SE	
  survey	
   !	
  

RF04	
   SW	
  survey	
   !	
   !	
  

RF05	
   Local	
  	
  ac@ve	
  convec@on	
   !	
   !	
  

RF06	
   North	
  jet	
  crossing,	
  moderate	
  
stratosphere	
   !	
   !	
   !	
  

RF07	
   Convec@ve	
  ouglow	
   !	
   !	
  

RF08	
   Photochemical	
  sunset	
   !	
   !	
  

RF09	
   ConvecIve	
  ou]low,	
  PNG	
  fly-­‐by	
   !	
   !	
   !	
  

RF10	
   CO	
  River,	
  ITCZ	
  survey	
   !	
   !	
   !	
  

RF11	
   ConvecIve	
  ou]low	
  to	
  SW,	
  GH	
  flight	
   !	
   !	
   !	
  

RF12	
   Convec@ve	
  ouglow	
  to	
  SE,	
  GH	
  flight	
   !	
   !	
   !	
  

RF13	
   Photochemical	
  sunrise	
   !	
   !	
   !	
  

RF14	
   Equator	
  crossing,	
  SH	
  survey	
   !	
   !	
   !	
  

RF15	
   North	
  jet	
  crossing,	
  deep	
  stratosphere	
   !	
   !	
   !	
   !	
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RF04:	
  Southwest	
  Survey	
  

DOAS TOGA 

19	
  Jan	
  2014	
  
Guam	
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RF09:	
  Convec@ve	
  Ouglow	
  and	
  Equator	
  Crossing	
  
4	
  Feb	
  2014	
  Guam	
  

EQ	
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RF09:	
  Convec@ve	
  Ouglow	
  and	
  Equator	
  Crossing	
  
4	
  Feb	
  2014	
  Guam	
  

EQ	
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RF09:	
  Convec@ve	
  Ouglow	
  and	
  Equator	
  Crossing	
  

CIMS AWAS 

4	
  Feb	
  2014	
  Guam	
  

EQ	
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RF09:	
  Convec@ve	
  Ouglow	
  and	
  Equator	
  Crossing	
  

CIMS AWAS 

4	
  Feb	
  2014	
  Guam	
  

EQ	
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RF11:	
  Convec@ve	
  ouglow	
  to	
  SW,	
  GH	
  flight	
  

AWAS AWAS 

12	
  Feb	
  2014	
  
Guam	
  

Palau	
  

CIMS 
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RF11:	
  Convec@ve	
  ouglow	
  to	
  SW,	
  GH	
  flight	
  

CIMS AWAS CIMS AWAS 

12	
  Feb	
  2014	
  
Guam	
  

Palau	
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RF15:	
  Northward	
  Jet	
  Crossing,	
  Deep	
  Stratosphere	
  

Stratospheric	
  Leg	
  

Troposphere	
   Troposphere	
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RF15:	
  Northward	
  Jet	
  Crossing,	
  Deep	
  Stratosphere	
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Long	
  Lived	
  CBry:	
  ATTREX	
  &	
  CONTRAST	
  

BryLONG	
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CHBr3	
  :	
  ATTREX	
  &	
  CONTRAST	
  



CT3LS,	
  Boulder,	
  Co,	
  July	
  2015	
   23	
  

CH2Br2	
  :	
  ATTREX	
  &	
  CONTRAST	
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CH2BrCl:	
  ATTREX	
  &	
  CONTRAST	
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CHBr2Cl:	
  ATTREX	
  &	
  CONTRAST	
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CHBCl2:	
  ATTREX	
  &	
  CONTRAST	
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RF15:	
  Northward	
  Jet	
  Crossing,	
  Deep	
  Stratosphere	
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RF15:	
  Northward	
  Jet	
  Crossing,	
  Deep	
  Stratosphere	
  

CIMS	
   DOAS	
  

JPL	
  2011	
  Kine@cs	
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RF15:	
  Northward	
  Jet	
  Crossing,	
  Deep	
  Stratosphere	
  

CIMS	
   DOAS	
  

Kreycy	
  et	
  al.,	
  ACP,	
  2013	
  Kine@cs	
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Conclusions	
  

1.	
  	
  CBryCH3Br	
  &	
  Halons	
  &	
  CBrySGI	
  VSLS	
  for	
  2014	
  well	
  quan@fied	
  by	
  ATTREX:	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  CH3Br	
  &	
  Halons 	
  :	
  15	
  ppt 	
   	
  	
  	
  
	
   	
  	
  	
  	
  	
  SGI	
  VSLS 	
  :	
  	
  3.4	
  ±	
  0.7	
  ppt	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  18.4	
  ppt	
  
	
  

	
  2.	
  	
  	
  At	
  low	
  O3,	
  BrO+Br	
  @trates	
  to	
  Br.	
  	
  Nonetheless,	
  BrO	
  measured	
  by	
  
	
  	
  	
  	
  	
  	
  	
  CIMS	
  &	
  DOAS	
  on	
  CONTRAST	
  indicate	
  the	
  presence	
  of	
  significant	
  
	
  	
  	
  	
  	
  	
  	
  levels	
  of	
  “product”	
  (i.e.,	
  Bry)	
  throughout	
  tropical	
  troposphere	
  
	
  

	
  3.	
  	
  	
  BryPGI	
  VSLS/others	
  	
  es@mate	
  based	
  on	
  CIMS	
  &	
  DOAS	
  BrO	
  from	
  RF15:	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  CIMS:	
  	
  0	
  to	
  10	
  ppt,	
  strong	
  fn	
  of	
  CFC-­‐11	
  
	
   	
  DOAS:	
  3	
  to	
  	
  	
  5	
  ppt,	
  nearly	
  constant	
  wrt	
  CFC-­‐11	
  

	
  
	
  

	
  	
  4.	
  	
  WMO/UNEP	
  (2014)	
  stated	
  “5	
  (range	
  2	
  to	
  8)	
  ppt”	
  for	
  VSLS	
  Bry	
  

TWP	
  mission	
  data	
  suggests	
  these	
  esImates	
  too	
  low,	
  by	
  at	
  least	
  1	
  to	
  2	
  ppt	
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Salawitch	
  et	
  al.,	
  GRL,	
  2010	
  

TC4	
  data,	
  collected	
  in	
  vicinity	
  of	
  Costa	
  Rica	
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Parella	
  et	
  al.,	
  AMT,	
  2013	
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Parella	
  et	
  al.,	
  AMT,	
  2013	
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Fernandez	
  et	
  al.,	
  ACP,	
  2014	
  



CT3LS,	
  Boulder,	
  Co,	
  July	
  2015	
  

Lines:	
  Table	
  5A-­‐2,	
  WMO/UNEP	
  2014	
  
Points:	
  CONTRAST	
  Tropical	
  Western	
  Pacific,	
  AWAS	
  
	
  	
  	
  	
  	
  Note:	
  AWAS	
  reported	
  measurements	
  for	
  only	
  two	
  halons,	
  1211	
  &	
  2402	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “All	
  Halons”	
  is	
  found	
  by	
  adding	
  WMO	
  value	
  for	
  halon	
  1301	
  to	
  the	
  AWAS	
  measurements	
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Figure	
  1-­‐20,	
  WMO/UNEP	
  (2014)	
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CT3LS,	
  Boulder,	
  Co,	
  July	
  2015	
  

Measurements:	
  AWAS	
  &	
  TOGA	
  
Model:	
  Fernandez	
  et	
  al.,	
  ACP,	
  2014	
  	
  	
  Note:	
  paper	
  did	
  not	
  include	
  CONTRAST	
  data	
  
	
  	
  	
  Geographically	
  &	
  seasonally	
  distributed	
  oceanic	
  sources	
  of	
  VSLS	
  as	
  described	
  in	
  Ordonez	
  et	
  al.	
  (2012)	
  

Upper	
  TTL	
  

Lower	
  TTL	
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Closer	
  look	
  at	
  minor	
  VSLS	
  

39	
  

Measurements:	
  AWAS	
  
Model:	
  Fernandez	
  et	
  al.,	
  ACP,	
  2014	
  	
  	
  Note:	
  paper	
  did	
  not	
  include	
  CONTRAST	
  data	
  
	
  	
  	
  Geographically	
  &	
  seasonally	
  distributed	
  oceanic	
  sources	
  of	
  VSLS	
  as	
  described	
  in	
  Ordonez	
  et	
  al.	
  (2012)	
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RF10:	
  Subtropical	
  Jet	
  Pollu@on	
  and	
  ITCZ	
  
Survey	
  8	
  Feb	
  2014	
  

EQ	
  

Guam	
  

Chuuk	
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RF10:	
  Subtropical	
  Jet	
  Pollu@on	
  and	
  ITCZ	
  
Survey	
  8	
  Feb	
  2014	
  

EQ	
  

Guam	
  

Chuuk	
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RF10:	
  Subtropical	
  Jet	
  Pollu@on	
  and	
  ITCZ	
  
Survey	
  

CIMS AWAS 

8	
  Feb	
  2014	
  

EQ	
  

Guam	
  

Chuuk	
  

CIMS AWAS 
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RF10:	
  Subtropical	
  Jet	
  Pollu@on	
  and	
  ITCZ	
  
Survey	
  

CIMS AWAS 

8	
  Feb	
  2014	
  

EQ	
  

Guam	
  

Chuuk	
  

CIMS AWAS 
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RF15:	
  25	
  Feb	
  2014	
  
Northern	
  Survey:	
  reached	
  385	
  K	
  

Guam	
  

Japan	
  

RF15:	
  Northward	
  Jet	
  Crossing,	
  Deep	
  Stratosphere	
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RF15:	
  25	
  Feb	
  2014	
  
Northern	
  Survey:	
  reached	
  385	
  K	
  

Guam	
  

Japan	
  

RF15:	
  Northward	
  Jet	
  Crossing,	
  Deep	
  Stratosphere	
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RF15	
  Modeling	
  Backup	
  
	
  

With	
  CIMS	
  @me	
  steps	
   With	
  DOAS	
  @me	
  steps	
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RF15	
  Modeling	
  Backup	
  
	
  

With	
  CIMS	
  @me	
  steps	
   With	
  DOAS	
  @me	
  steps	
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  BrONO2	
  forma@on:	
  

	
  BrO	
  +	
  NO2	
  +	
  M	
   	
  "	
  	
  k	
  

	
  	
  	
  	
  BrONO2	
  loss:	
  

	
  BrONO2	
  +	
  hν 	
  "	
  J 	
  	
  

Kreycy	
  et	
  al.	
  (2013)	
  proposed	
  k	
  &	
  J	
  are	
  
misrepresented	
  in	
  JPL	
  (2011)	
  and	
  that	
  
the	
  ra@o	
  J	
  /	
  k	
  should	
  rise	
  by	
  27%	
  

This	
  sugges@on	
  could	
  be	
  consistent	
  
with	
  laboratory	
  measurements	
  of:	
  
	
  	
  	
  BrONO2	
  forma@on	
  rate	
  constant	
  
	
  	
  	
  BrONO2	
  cross	
  sec@on	
  

Backup	
  Slide	
  #1	
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